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(54) ULTRASONIC TOUCH PANEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To sense a touch without being affected by 
a light hand touch on the panel, the sticking of a small amount of foreign 
matter on the panel, etc. 

SOLUTION: When electric signals ET1 and ET2 having a phase 
difference are inputted to between an electrode T1 and a ground 
electrode GT, and an electrode T2 and the ground electrode GT through 
a phase shifter ST, a unidirectional elastic wave is excited in a two- 
layered structure part LT. The elastic wave is propagated to a two- 
layered structure part LR through a glass plate 1 and outputted as 
electric signals ER1 and ER2 from between an electrode R1 and a 
ground electrode GR, and an electrode R2 and the ground electrode GR 
and passed through a phase shifter SR, so that they are detected as a 
single electric signal ER having no phase difference. When a touch on a 
glass plate 1 is made, the electric signal ER is ceased to exist or 
attenuated. 
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(54) [36W©«i»] mm&9yr/t*)l 



(57) [gift] 

t 2 i:tgm«^G T fcwiatcfl[fflii&^ri-*it«fi^Ei, 

«ffiRi fc»iftraG R fc<0|8H3j:tfmffiR 2 i:»ift«« 




[UftREl] ^*<fcfcl«<*>^*i#WSIi*« 

ifcBE««Pi k , ^ < «> i mcD^-fztivtnm i R * 

ft^fu H>ris-r7t'it«««iiR{ii?iaffim^p R ^— -n<n 
«ms.mm p T « mibews p r <o b?i a-;*^®* 

td-^c7))KH^^LTHuie#E««^ll*^n, mile 
JE«« P R (ilireJEEIHK P R to fffl— #«o«H* (i t -3 

blzXK). HfildJim^Pi fcl&IEjlflEEWKka^JSS 2 

mile 2 mmmu l , wan $ ti h m tm^comsmm 
it, msamsmmwm. f t mzmmmnrnz dt^m 

bmmt<. 

iewtt«*ffiriaE««Pit t B?rie#Em^t a> £>j£s 2 

mi e 2 mmmtt l r Kg« LfcfBBWttaoa«ii«rE 
■ttitivrnm 1 R aflrsttSfflja* p t mm l < , 
mi 2 mmm& l r izmm ^mfsmmkcommx. 
mim&tizcommii f t wmEMMcom^ at con 

k<$J?^L<. 

i^M«^*fc:eiH-43Wife»<ofl[«aatt, Mia 
0. 

Aft* fcU?Mfc&W5ttf>«£«;l *ffi*TfH*Lfc i k 
* . SrifffcSf'itttfffi I R X'titfi $ ft* Ki£*JWt^ 

[ fi^JS 2 ] 1 fflO-tfiix^mfigTfc J; ttf&fett&G 
ifcfflttfcEEWKPik, l«^*£*l««ffiR*iJ:tfS 
««aG R **iitE*«P«fc. #JE«Kfc, #ffi»S 



) ^fBBT 10-55240 



it*>*u HfriBStfemffiGTjiHiriBJEm^PT^t 3-*ct) 
traeE«« p t n mMzmmmm g t sr^- L-ciwe^ff wk 

B?!Btgtfi«ffiG R (iBulEJE««PRCOt d-^-<0 

comB— jjcoffiffiizmmztiT^x . 

«ne-t*f*itt«STi3 j: VHuiB«mm^G T ti » mm. 
m.T x t miw&v&Gi t coma £xsmm.mT 2 1 m 
sztmnm g t t comzm^m 2ny* tthism* 

bizxo. m^smMP 1 bmmmmm.bi)^m?>2 
mmm^izmitm^mm t . mw&mmms.m 
mwzimzit. 

BuiBmmfi-f-E T1 &£VEr2commaiffi3i-ttztitfm 
mrcommmmM p tc«{astje l x a o , 
HuiB2««jta5L T izmMztizmmimits^- v 

f d*<«<o«^<7)So^-H<^)»tt»<odHiaLKV f< , 0 

msMMtRi cowmzb mm&RzCDmmmb ^i^ose 

bu IB^fflSS S R < k t n A )V L 2 S: , 

HuiB-r^n««ffi r tj <£ yfrifl^tt!>««s g r « , mtm 

1±Wfc#lz{mZtiX v^3¥14^Srfl?fBE«1gPR kW 
iSffi«Sk*»tdc*2*flfiS«BL,k:fiaft$-a:. fS2 

ffi*ft#E R1 J;t^E R2 k LTMIBttfigR, k mrffiJgiffi 
«ffiG R fc tf0ra*3 «t t>"MIB«fiiR 2 k fffiBS^fimSG R k 

MIB^fflfs S R Ji«rE«SM3# E RI ijJ:£>'E R2 £|H]t{4 

ffl^«^fi^-E R t^-js lt as^b L . 
ffiB«mfi-tE R , tj j; v e R 2 <nmm\*md.-*i£Mt&. 



(3) 
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mR<Dmmmmm p izimnm lx & <o . 

. Huiewtt^^iajfttit f t mismucom $ d t 
buIb#,e««<ojs$ diiB(ria#m«sjfW^P tmmL 

ffifB#fftt^«£fil}iflB#JEtt«^*$ d fcilii'tgL 

Afa4 fctt«rffc^5&^£«* 4JE#Ti^ Lit Z b 
H?lfi^ffl§5S R Tii;^?n.|»HUlB««fi-^E R <7)^^ 

C It*!! 3 ] BUlBttffiT, CO««g^ t BUlfi«figT 2 COM 

W&tnfflcomMcDo-hm^comi-x. p ictswc . x 
<1/2T. Rlfttc. l>riB«».fi^-E T1 iE T2 i:<y») 
lulB{affi^2^y^fc^T. x + y = +l/2*5E')i 

M IBBffi R i co9M% b wiiiWM R 2 cr>VMt% b mm^m 

mcoo^m^commxpizio^x. *.<i/2x\ m 
. HuiB«mft-§- e R , t e „ 2 1 io^co mfiB{afflM 2 % 

ylz&^X. x + y = ±l/2^0i:olS*^2fclB 
[W*JS4 3 filB#JE««* s JE«-b 5 5 -y 9 X'tfZ 0 . 

[ 5 ] iiuf B#JE«« A* P V D F %cr>mcr>J£W&. 

m&tt&mviR h msm 1 , 2 g jy* 3 iciBaoe^ 

[ If 6 ] BUf B^JE««W 7 X »5RJI 1 , 
2. 3, 4i£«5^IB®^jB#&?y^*;K 

tzEmmwEMMizmmztiz z t tc«t 0 . -eo^s 

zttzx*) zcomwmn&y < ^(rmmim^th 
zb*. mm Ltch cox-h 0 . mmrnnx-h hhwm 
wm. mm. wAtw<oja-ci5H*wtT^e. 2 



xcozt-m^toixh. mwmmhyy^j.—ttezno 
m&EmmmzmfittzmmL-ttdtivmmizx os*tt^ 
®^^n«-f-g>^jST'. •ttftt^m&t^mmzx *)U« 

tlh1)K UHF, VHFmzm$>tl&tbl>(,ZlNi:&* 
4-21833 6^T'tti^$il7t. COtgaM^ 

k>. &ffimwjjxwm&<&&$kmte*4mmM<?>mffi 

ii:*<«»36<jBC: Sit 36»^, K!SJST'*> 
4KB, i^S6^t^-r<-ffifflL^<v^Up®0T^*-r 
4. tztiii. &/^<7)m<;^Mz^£MtL?zW&X'l± 

i^itrt,zxx^><v^>ifcX''U>Mzim Ltz t & tc 

O^JS^'fcl>J:3^yN o ^i0l|Ji«iffiLv^ ifc, ys° 
$ ^ t . £ <0IKF« ^ -y ^ ^JUX'ii'tfztl^mMcom, 

mmizmm*MJjmz&mizimm' t WMzti& zt& 

izRmmm. mm. bais, n^mm. mutt. 
izmx. mmmt>mmxim^mtm< , 

IS V v^o # ^>y N°^^^^^-*£73P!t%|£0#* : 5: if (c J; -i> ^ 

wz%if& ztco^mmL^i-^izmitzm^^ 
w*/ut:mm-t&zbtzg>&. 
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flttfcEttftPt fc s ^=5r< £ h 1 ««0-$-*9itf«ffi I „ 

tttff I R aiJiEBEIKRPR<o-*<0«nBfc:Ktt4,<iT*J 
0 . MieEm^ P t t±WKE«« P i «0 frlS-^^ffl* 

i5ieE«^ p r « iwiBjEmtg p r fio mu--Hcowm t tziz 
x . ffiB-r^ix«*ffi i iii, frie-r^'ix*wi«i i , o« 

& 2 mmm^Lr izmm-ttztiDtmm i T <r>mnmmmm 
Hp ttumL^te-gzu-tzmimzmML. mm. 
&*fflmtg.mm*t£imz •£ , mri b 2 l t t 

JSMi§ n & ms»mmt s 0 ^e- H l aaxhtf)* 
act- HOirc, MfE2JB«Jfi»L I fc:Hi«$*i&|inB 

ftOJ* £ d i; <0» f d ***fM6£-<0 s 0 *- F <D?PtKg 
?><2ffl51« V f d = o b mm L < , 1»3B-r^fivK»K I r 

MlB2Jlfl§jtgBL R ££*3;h.fcWtt»£19SE-*-*f 

ix^c«@ 1 R <om«sjf bmip tzmzttfct&fuwm.nm 
%m^z^mLxtatiL. m^mmmmL^zmmt 
tzmmimnwi&ttmztti'titfmm 1 R <^mnmm 
mm^ p t mm l < , itrte 2 mmm^Kizmm vtz 
mmmknmmmi. mim&mnmmLf bmz 

JE*$KO* $ d O « f d ifi&Wtem S o * - K <?3W 

mkco&m&m v f d . 0 t <j<ir# t < . ms»swR<om 

£ d U inff E#«fi§Jf MM p i: tltarag L vvft»* fcii-tiiJJl 
t ( JJi'tf L l v&>4 fctt-€*U2TFC* 0 . MIS* MEWK* 

mmfe<Dm£Mz-&!±?)X"mMLfzz tz, fijia-f 

as-r a . n 2 fc!B«w>jHSf* * v ^ -c*/wi , i m 
co-ttiti^MMTuxx/mmmmGj imx.fzs.mmPT 

b . 1 mcr>-ttztLtt.W&R& «t tfJ£flMKfiG R fcilifc 
ff«^P R «!:, #EWR-fc. WS,t, MS 8 t 

ttmmTim&&nup 1 cr>-jT<offimizmfhti. m 

mmEMfco— iKDimizfflmztxx ^x , mfte-f-Jt* 
frietf t«®G R {ifjieffm«p R c7) t a -^^stcis 



m-ttiixttmmTii, mmr 1 mx/T 2 i}^m. r ) s me. 
m&Ti nnmmbmimmT 2 <7)mmmb<7)m<?)$e.mz 

ffiss T {zmuzmmzti, s T «^< 1 1 

3 -r ;u l ! & ^ , Byie-r^fix^mffiT ^ j; t/Mi etgtt 
«fiSG T « . nut emffiTj t H?tejgtfiitssG T t ± 

I^H?IB«I6T 2 1 frlBSfflH^GT fc omz&ttm 2ny 

LT S C i: tc «t "5 , b5IBE«« P t HulB^ffi 
«Ri:3&»fejR*2*«JiaJLT{cWttiR*IBI«U. SiSV 

wjtiWL-Tfco. mi2mw&u^\,zwmztth 
mmmmt s 0 h* a x xs 1 ^j^Ltos^^- no 
arc, fjfB2effi3t^L T tciissiii»fne3ittjswjg 

<, Huie2«ttita?L T ^ljSgStL^HulE^ttfe<7){4ffi 

meat, msmmommi 1 1 Mieffim^^^ d t 

OS f d #^<7)%£co Sj* - HO9¥ttift<0{4ffla* V 
f<1 =oi:{3(5'^L<. frtef ^f^«ffiRJi, «®R,fc 
J:VRi36»4>HE*)s B>TiemffiRiO«ffi^i:H>fia««§R 2 
«*fiS*gi:OracOSESt(C{i2®iS)t9, MIBflifilR!^ 
J:W f R I <oaj*s»(i«riS»ffi8SS R fc:M5«lfc:«aB$ii. bu 

la^ffls s R (i^-^<ttn^;PL 2 ^-i-^. Htrie-r tsti 
ess^ixT v 5¥tt*s ^friajiB^ p R b mfflsmm. 

bfrt>fc& 2®ffim&L K lZ{mZ-£. IS2a«jtlSl5L R 

fcj:t/E R2 1 LTi9iE«aRi k«r£*tfi«aG R fc<ora 

il>'luie«ffiR 2 i:fil5«iffi«ffiG R t ora*^ffi^i 
U Mie#1S?5S R {iBtffB««fi-f-E Rl i3j:t>'E R2 $:|5) 
tfi[fflO««fi#E R tc^-^ LTffi^I L , Hul2«Mff ^> 
E R ! J: E R 2 cofflftftiiliiiB-t «fL«MM R 

p izmmm lx a 0 . mi 2 mmm& l r tcs» 
Ltzmmm&com&mm-ttztiimm 1 R <omrta« 

SgMK9Spt(J{J'^L<. H(rie2»^jtg|5L R tcf5j)SL 
IBJEm^Il? d i:(50»f d*sf^OS 0 t- He?) 

5¥tt&cDfifflj$^ v f d . o b mm l < . mm^smmco 
d{ifriB#*®jg«s«p taeRfuv^ifcii^a 

d bmmL^frttzitztiWFX'h <o , Mie#Em« 

«^>lfriE— ^r<o«ffli t> 0 —Jj<0ffi.ffilzA1$£ fzli 

mfcimfevmtrmi isijxmMLtzzb z . mrie^ 
fflf§s R Ttii*§^-i'H«fiBm».fi^E R £7)^:i! s aetata 
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ST, commmt msxxtT t nnmmt onjosggtco a 

feSVvfrcoEEfitxpfcriSVvc. x<l/2t. PlB#tc. 
h5I ettMft-f- E T 1 k E T 2 k codJco l?E{4fflll 2 * y icfc 
HT. x + y = ±l/2«W*>- Miem^Ri com 
Sit! k BuiemU R 2 com«i*£ k coiScoSESfco o-hm^ 
coSgBtxplcfc^T. x<l/2t, PJB#tci, MIB«m 
ff-^E R1 i:E R 2t0^mfia(5fflJI2^ytCi5V^T, x 
+ y = ±l/2«01o^tSr#attl.. &t#J«4 

3 5 •/ 9 TtfL *) . fSE*-fe 557? co#«ttco:fr ft<±f£ 
fflfrfe 5 5 y ? co/f £ 2rr6] k fffTt 4 . ffl:#iS 5 (cf B 

mni&msL* f +**m&. mz&smmw p vdf^ 
coffi<off*tt*4m:^tirrj«4 . m* js 6 ictet&cofi 

1 COffjtJi, ^<tt>l fflco-f/ifttf;*® I t 

tiEmm.Pj t, ^<tti a<o-rfe*<t««a i R *<■ 

*.fc£E«KP R k £#JEE«S<a— #<so«ffi{cKWi i> co 
4 . i CO k £ . -T*f*itt«« I T liJE«£ P T CO — '"}) 

<7>wmizwLttt>tix\^. awKPiiicevrjtstuR* 

m«P R co-^co^®^Kft^TV^. E«RP R «£ 

co-r^^m® i R 3WftJt^<Tjfe*<?5«ffl±3tiit> a— 

^■«ri-^«mfi§ I T (cA^-T4«ijt£Sffl-r4<r k 

»*EWRP T #>4>fiJc4 2Jl«jtgf5L T tea 

fiStf, 2W«»aJL I fc»fi$ftfcWttifc**ffiWK 
4HCfK*»$-£4£k#-C#4„ <lcDk#. 2Jfflfjtg|5L 
i tcii $ ft 4 W&mt S^-Y&ZVi <WA±.cr>m,K 
*-h'CD}£ (o*»JA 0 *— H*H5<a) ?*ot» £ 
<02JB^«L I (cliij6Six*3W!t*<0l2«afl&& s , 5¥ 

m&n s o * - h cDW&i&n&nmm v f 4 . 0 k * 3&*$ l 

< 2:4 <t a i££igffl-t4 £ kick 9. -f-rtftittms 
P T k^E£tt1£kco#ffi-Cco^#^ Vb°-^>^O^S 

j±m«p T co/i£ d &-r^««fig i T coMu«ei 

p ktiJa^U^iTtti^ftJUTteU #BEWR<0ff3 
S:E«;«Pt coJf$ d fc « L < "T4 frttzte^tLiXTlZ 

■tmmzmm-t&ztizx*), 2mmm^L T iz^m 

X < S 0 *- His it/ 1 ftJ^LtcOstf:*- KcoW14i&£ 
flSfi-r 4 -I k J^lgk =5:4 . oi 0 . -T«f*uK«i I T 
KJBi <oix4 t^«x */l"¥-*<Wtt«fc:3S« S it 4 

T. ^BE««#«£^fEai-r45itt^cOfifflajS*>'EE«« 



n\ tzhuttijxmzimthztizx*), 2mtm 
SBL T < wamzmm ummwL* izimz*t 

easEco^acofgrsjiJi*^iic^4 i a icsvhc i n i 
*<ifcWtt»*-tjeix««s i R frt>m^m^-k Lxta 

Jl2-£&ZttfX'Z&. dcok#. 2««itgPL R tCfE 

p k Li<\ c: wwttafe^xafflaujE** . ^tt^cojg 

^fkffi«^P R cO*$dkcO«fd tfm<7)ig)&<7) S 0 

*- \ i <?m&me>immm.v f d=0 k uaw t < ^4 i a 

i r k*j ^x m^m^z^m 

Zti$>m&£±Z<-t&ZttfX°Z&f3fX%:< . EE* 
IRP R k^ffi««kcO^BT"coa#-f ^e-^'vxtO>F 
S^tCcfc -5 T£ 1 4 RSt**H»*-r 4 i k ^"T'§ 4 . 

& tc . mmu p R con $ d -r*f*uRtt* i R com® iiw 
^P timmL^fr£tei**tiWTizL. 4mwR<?>m 
s*£E«RPR^>JPSdk*L<-r&*»ifej4-enjaT 

t-r4«j&&Sffl-T4 i k (ci 0 , ^EWS+i=eiR$ 

tix^&&&mzmmj; < 2mmmmuizBm^-ttz 

f*. i^f*itt«ffi I r *>^>««fi-f - k lt a* $-»*-4 i 
k T^figk 3: 0 , 5ltt«*««ft^fc:3fiaft$ ix4JK^-^ 
ti*£-e4<rk* s -C#4. $^>tc, ^E*«CkL-T. ^ 

ff*«##:fce*8i-4 wtmwmamBiw&wsi p R m 

*WE^45Ptt^cofiffij£jgcoig^^S,4!t%l«. ^k 

fctt, -T^ix^m I R *^*Mfi-f-k LTtii^$-ti:4 
<! k ^T'S 4 . *«BBOS^i«^ y +**A,0M 2 co« 
jfiti. 1 fflco^iftttflffiTii J: t/« ifi*figG T Zffit 

tzEmmPit . i awt^fi«wiR*j it/«*6iitt 

G R £»i.fcffiWSEP„k. #£E*«k, «S T h. 

*c«SET(iE*«P T to-^co^®(c|S(t^n. 
ffiGxfiffim^PiCO^ a— ^rco^ffitc|^t^ixTi->4» 

smmPi t&mw&Gi mmhtitz-x^mmifr lx 

4mWRtzW*ZHX^&. -T/iixtt*©R(iEE*«P 
R co-^rco^Htc^(tfeix. fgfl6BSG R {iEm^P R co 
i»a-*co«BSCig^^ixTv^4. Em«P R {i««!l« 

mG K tfmft>titt<7)imt:-frLx4mwMLizm%i* 

{i2S^$>4. -T^tt««R«. mffiR^ctt/Ra* 1 
^^0. «SiRiComfiB^kfl:fiiR2C0*€gfikcoracogg 
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StCmwksnkl. tot, bwmmQ^t^max 

*«»E T1 ±lfE T2 JWS, £tf-LTA2|-f 
JSfcSffli-SikfcJ: 1 ^ 2 «fljig|3L T t;:-;frfttttf) 

1 t #T'# h . -*|ftIttiOWtK«^)ia«{i, J: Ovio^ 
ki lown^f^Lii-ttfitSr^i: L. 3^^L t 

■f-E T1 fcJ:tXE I2 <^afflilJ±27ryt-**>$ix. 

-f- E T , is J; if E , 2 coif £*i*»KT£>«»SJW 

mmr 2 nmmmt emvmm o *>$sv ^comm x P 

fc&WC. x<l/2T\ |b]b#^ s fgmm-^Eni: E T2 
i:C0|BJO|2ffl^2 jry{Ct3^T. x + y = ±l/2#(fc 

x#'l/4<Di:#fc<iy=l/4 
4^(iy = -3/4t*«. oiO. SEBIxp£p/4 
i:L. {affiH2 7ry^7r/'2 (90" ) i/c{±-37r/ 

2 (-2 7 0° ) fc"r4«ae-^EutJj:VEi 2 SrA* 
& £ fc fc: A 9 . 2 Vflmtffi L x fc:-;frf6|tttf>g«Eft£ 

as^^ct*«rflgt=sri.„ 2««3t^L I tzas§ix 

ftpilJ(JfL^„ sfcfc. 2Vft&ffiL I tcIiS3i'i* 

d i: OM f d A>'f^i?)S 0 t- KO»tt*<0fl[ 
ffi&K V f d = o t «HW L < =Sr & J; 3 &fl§jg£«ffl-r h Z 

-thzk^x^h. t % j±mm p t d ^-rfcix 

TKL. ^£E«R^>*S*flEWRP I <OJ5Sdi:^L< 

^{i^fuartc^- a «jt£ suu-r * £ t t: =fc 

0. 2««Jt»L T t:»*J:<S 0 ^-Htja:t^liWSUi 

Sifcj&nsrffifc^r*. WIR^itm^iiJ^aig^ 
H2 7T y Sr^rrsm^ft-f-Eiu ±tXE R2 k LT«®R 

1 1 g r t cora^ x vmmR 2 1 mtmm g r t o 



loc03^^L 2 S:^. n^/UL^ittfiSR^^liR;, 
^>as**KiS*8S#i.4 . ai^$ix^«Mft-tE R1 fcJ;t>' 

e R 2 » s R iz x -o x m e R tc^js 

^ni.. «mft#E R1 i5j;t/"ER 2 <7)SMSi({i: 

c0d*>MV^OSg{ixp{ctiV>T. x<l/2t. L* J 
fc, «»<l#E R1 4:E R2 i:<95BI<OtifflS2*yt:*}^ 
T, x + y = ±l/2^l:lt -t^f*vR«KRtJ«fc 

mgtft*fi5 g r li 2 ««j§a5 Lr izmst t r ^ s -^14 
&&minfr*miiiLxnmE*§rE* 1 & &tf E* 2 tLx 
&jrtzz}iz-5jmiz't&. tztn$. xtfi/4<nt 

#fcltty=l/4*fctty = -3/44:!5r4. 

ISItxpSp/4i:"rmf. ffiBI62»y*»»/2 (9 

0" )*Jtli-3jr/2 (-2 7 0" ) 

Erj *J it^E R8 *«WIRi k»»«ffiG R k<OHfc iuett 

SR 2 i:SW6«SG R i:<!Oia*»<5,ffi^S*L«. 2« 

«itg|5L R (CfE«iL/^ttiS(iS 0 ^-Ki>J;^l^ia± 

«ffiR^«a^aw* P fc <js^ l < =s:4 i a cwgni 

*P$r^SL. 2Ji»3ta5L R tfe»LfeWtt«iOeffi 

f d Sfl^e— h <o»tt«<ofiaai»K v f d o 

bmmL<%&j:d%mmzmm-r&ztiz£*). 2 

Kiizgmzix&msz^ ztwx'% htivx'tc 

< . E.VM P R fc ftKMMt (OffiB?(V&*H >^—f 

yxco^m&miz £-ox&t &KWsm* m&th z t & 
mmffltmp tim&L^fr£M3.ztiv.Ti,zL.. its. 
ztiaTiz-r&m& z mm-th ztizxK>. immmfr 

■f-^'^mfi§R*^*»ft^E R1 fcJ:?/E 
fflffiatK^ESR P r mmziifflct h 5itt-«c7){2ffl ffiJS 

cvjzmzh $>mnzmm-t& ztizx*)^ immmmz 
imi$tix^&9mmz%mL£< 2mmmu^&m 
mttzm, ■ttiixtmmRfrt>mMm^E Rl £>j:ifE R2 

bLXftjlZit&ZttfX*Z>* *w&nmmsLfv + 
>^)VX'l±, ^mM^z^ih-ttiix^MM I T t I R 

k com. t Mi-ttdtitfmmT tRt coffltfxmt tzi± 
mmzi*m<Dm*Mz. zzjixmntztiz k . wm$L<r> 
{mmmmztiz>cr>x\ &im&mm£fzimmt 
4. «ot. ztuzft -> x -ttztiimm i^ztati^ti 
&wMm^-£tzimtt&s K iziiijjzti&mmmE K cr ) 
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Wiommttmx'ii* <nuz mm- h ; &.x$>hzk *> 

*>^nms<7)imi>^mx'h&. 
Mixtzmtzx'imffikmm&Mimi ttc^z t & 
t>. iimw^^<w&^tt%mz&hw$m*m<z 
kitx'%h. zcr> x o(clt. ^micommtif si-'* 
*Mm&mL<nmwffi(r)8imimmx'h h ara» <o x-% 

t,z±z,&m£%if&zktf%<, i>jm<7>mzMz.&i±jj 

tm\>\ ft-jt. AX^y^yftmx'mfecomzMz. 
h e* ximmM±i,zmm vtzk § § i 

wi#tii«5r< skbitc** . -y w 

mcojTftkmziTftk z^mz-t &mmzmm~r& z t 

tiO, 2««t»L T t:S&*J:<Slltt«r*Hi«U|5E 
WK+fcH£*S-£* 4. 4*. SE««P R i: 

LTEm*5$-y?£iSfflU ZnEM^ 5 y 
ffittco^ffr t US JSrrtj fcTfrfcr*- & Wit SrSHW- I. Z 
klzi. 0 . #ffi^4»K^3ftfc»te«&3MiJ: < 2 

}£P T t LTPVDF-e^ffi^fflEt? -<• 
ffl-T^itt-iO, 2*«&a5L T fc:3&*J:<3*tt«* 

t«p R tL-CPVDF -e^flfeoa^fffll^ -f 7UA & 

mm-tzzkizx ^fE^K+tr^Rs^wttft* 

< 2fl«itgi5L li t=^R$-a:S i J: 4 . 

t. r. «ta«aiG T , g r s etobhept. p R . 

4. E*J»»KPT*Jj:tJrp K U:i:i(d*Sl. 5mm(0 
TDKI10 1A«( S^p a «« ) TJftS . /f7^1 (iff 
§ 0 . 1 5mmO*7/T« . -f ;£iltt*«TttJEE« 
BBKHRPiiKKW-fcifU **f*l#««RUffi«»SK 
P«±teSt*&ii. E«^#I^Pii5j;V P R (i/?$^2 
o u m coxdf ^ >-^fli(c J: -> x #7 * WL l ±£H#£ 
tlX V ^ . 0 2 140 1 * -y t*A'«>ffft*HB 

0T'#> 0.01 Offi^iS^ -y f-»N-*/K0A;»jiaiSfcfr£^ 



G I% EEWBSMKPt, WSj^i^^l ^-ir 

tr. mjjamrtxttstivmR. «««*g r , eh 

KIs^Pr. ^fflHS R i3j:t/^7X«l$r^-tf. idtl^JfM 
R. &tttt&G R . ffi!KH&«P R fcitf»ffl»s R l«- 

bi>tzio*temB&*irt&jEiam.<?>i><nTf>*). m 

t/R 2 0 . IMSR, 13 iU'R 2 «i*«sT, tj ilfTj 
C*WELTt*S. «fi§T,Ofl;fii^i;mSiT 2 <r)m®f§i: 
cora^SgM(c(i2a»S>0, -?-<7)3*>«^^BEi8lxp 
{44 0 0Atmf*S. mmzLX. WMRi<wm%i%k 
«SRi<J0«flBBttfDiakOlEItfcUi28a* l 5. ^-^o 
fefil*»Blxpli400/imTi>4. &ffl*»S T tt 

L 2 (i 3 IV L ! tC^tJC LT ^ h . 01 -y 

®t 2 ktmmmGj t <mtzmamtf9 o • 2 

7 0° <MtSHte?E u tittfE 1i £&1R&S l i-ftl,X 

^m^cr>&. *«-*i^tt * *t 4 WttiftfciSSft S E« 
«3MRPif:^^«l fcj&»4>**2*flBsaJL I &fis« 

yXU 1 «f>t^»Siifc5ltt««£E«8««P R t ^5 

^* { 9 0 0 *fc«-2 7 0' <0*SWI#E R1 tJj:tfE R!! 
fcSHftSixT, TORifcflfJftttffiGufcoiatJii^flMi 
R 2 fc««I«ttG R i:<Oia3&»feaj*$*l4. l±S^3$iX^* 
mft#E R , J: t^E R , S R &^-T4 Zklzk*) 

{mmmnm-<7)n%m^E R k Lxmrnztiz,. o 

40. ^fflfffS R 5r^-T4^i:^J; 1 9 2oo«Mff^-E 
R , *j J: If E R 2 § ixr JH-<o «mft ^ E R k tc K) 3i 

£#itt*rt 4 i t . fiwftottaaaa**** $ ix 

. -T^ixttmffiT t R t ^P B lco»tt^cofK^S§^jSBf 
*B§s S R ttJTJ $ tl h WSHfE** E R c7) A # § XT 5 ^ 

4. Wttiifc& < ^5^*i<!0«iii«ifiTti*<rt 
®*&ffithWX'*>&Zkfrt>. #7Xti^)2o« 
ffi<r>o*>k*-h$>coimiimi-& ZklzJ:r>Xi>Wfe%. 
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$> h . #§Sffim-t*:**i.#m*i I , . Ir. EmKS^ P 
x - P„:fcJ:tf;Jf?;*«ia»fcj£S. t«Wi5tii,*J 
J: If I RliT^S-^A^Jg-Cfig^ . f«*UR«S I T « 

*ttt«® I T^W^ft/^^JSffi^LT/S §^2 0 
u m cr)x*f df v-^^Sttc J: -? r #5 1 ±0!* $ <i 

-?T#9>MKl±fc:ffl«S*V0^4. 04(i03<7>iSIW 
* -y 7^ t *)K08Mm®mT$> 9,03 CDjg#& ? -y 

-ffc'teRWi I T . E«««KPt *i ±tf # 9X« 1 
tr. aj*fflBMWi^n«««6 1 R . S«ffiS«[P|j3j: 

«Kt**L, -ftitvmm I R fcJ:tfEtt«»«P,tt* 

££-r&IEI»)i>tf)T*£> 0 , *SEJSW*p{i: 1.6m 
mt* h . -f-rtSMttW 1 1 *»i»«j!H8-9* i: 
*<0*SUS#*)Ji1tt»tf> 3 fc-rrtSfcttMI I t <0;*rf 4> 

^si$*vc2;i«jigisL I £fE*8U s^n-twwttft 
^aaaRt zn&mnmmtnw&meyx-tfm&m^iz 

?+'i*fr-V&ri2MKMm I iliESaSMRPi 

t i fc<o*is(c. -ttztittmm i r «±je«jss§ 

«p r fc ^5^1 1 fc^fflltcRJtibiifcflBiS*^-* 

a** -r^'ix^tmsi 1 1 #je®&§5« p T <r>s§mwm tc . 

-f/SMttW I R ^£E«a«MRP R <0S«H«iBfc:»tt6 
fifcflljltcfc V i> Rtt^JR^A . 0 1 *J J: 
0 3 CO 2 -WM^WL? y f-y <*/Wsrttltt Lfc%& . 0 1 

rrtjtfs. K>mnmmt>xi&mEmm^mxf> k> . l*» 

3 tfJSIttWfc^BrffiH-C* & . *HJfi^i(±0 1 

y f^^UOTy^lK 1 tftfyxfa 2 
fcfcUc, ElI«Pii5j:t;P B £Of?fr'lmm^ 

*><yTC$>&. tf^X^imZ 1 mmcO*7Xt« 
*. ffi««SMRPifcXf5^«2tt2JBflBi»L T ^»j« 
U JE«JSS«P R ^*'7X«2(±2ii«iig|5L R ^^B!c 
•f & . 0 6 {4*« WiOiBWtt * -y <*;N0SS 4 fiOHJfe 
WS^-fBfiBHT* h . *^Sfi^J(i0 3 <7)j@Wi£* -y 



(nx-tih. smmftmPTt # ? xM2i± 2 mmm&L-! 

JML, S«iK^P R k^'7X«2(±2il«jSSSL R 
*Bf&th . 0 5 ofi^ift^ -y f-;**^Tl±-r*3i*W 
S I t tiE«K»« Pi t*7^S2i: O^fflC , -f *f*i. 
I R {iESaSM P R t XWL 2 h coftmizim 

htxfztmztthi?, -rfsti^mm i i^eiim 

Pr<02SA««fflfc:. -r^'ix^fli I »j&«£E«»H«Pr 
M.t>tltl. m5&£XSm6<7)2r>cr>mm%l? 7fA"^l/ 
•u&^rtl-efcO. L^tlMiUu. 07(i05cOE« 

0TS> o . &&m<om%m. f tjE«ias«Pioff $ d 

£E«S«i^PT#**®lR^4Wtt««0fl|«oa[ 
ft ( vg- t > ti24 50m/s"C*0, mk<7X&& 
( vg- 1 ) (i4 3 9 0m/sTfti. S««H%P R 

hmmtcmz^-?. m8iim5(r>2mmmmL T izan 
h wmmsn. p i <7)m% & 2 o<omsvw«n*frT-c«o 

fflffiau^^»mUfe«Jlttl««^HRk*fc f dtf 
tcy)W«^^-r^tt0t'$)^». fiL, 08Tii, Xf5X 

m.2*\ tf7xm2mftZim^z>w\mcDffitecr>&g. 

i^3091ra/s T-^^<7)aft* J 5 59 2m/stM 

1 d =5r»«-C)S4 ^W!tttt0^S tit . ; 
13091 m/sfcj:^'|fifjS3lJS5 5 9 2m/sfc>,->3 

E*S«»«Pi*^^<^««aLft24 5 0m 
/ s *j ilf Ji^ft4 390m/s **l-eh.<?D{ iff 1 . 
3 ffiTC ft •& . 0 8 X'ii A o - F <7) k 2 fflco^ ^ 1 5 % 

2 OS,*— K*JJ:tf lifc (A^ii/S, ) ULhOiC^ 

Fcm&mmm* < 2mmmmu ciKiu 

Wx*/^-««pt: s j H<?>3*tt»t=ik<)Sftsfia: < 
- K*Ji V 1 y^JLh^^^E- K^tt»'»f J: < * 

fmmz$mnti&z btffttr&. ttz, -ttztiwsm 

IZMh^MZtl^-f^Wtef dm.m*)l ■ 9 MH z • m 
mCDi^-Cft 1 ?. £Ofc£k2ttt;ifbMieD#72 0%fc: 

Lxmmmzb&L i Nbo 3 fiM5%si<oit 

*. E39ttH5^)2*«3taiJL I *e»^4gitt*wa[ 

ft*ttcfttts:srr»ttia'c* 0 . f detdw-rs*^- 

K^{a«^ft$:*-r0T-ftl». fIL. 09Tii. fivX 
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h. B9Tttfd m&m<?>®-&<7) S o t - H <03M£i£c0 
ffi«iMEV fd . 0 {i*5>4O7Om/s-C**. H9Kiitf 

dff) Sr^-T. OW(ci3»t4fflffiiIKtt«Hrv fds0 fii; 
»U*£fc*«*h&»*. -TcoiSfcLT. 2«fiiig|5L T 

s ti h m&Wi.cr>mm m t v f d . 0 m t m m^®. 

h. mmzLx. 2 mmim l r ti&w&fcn 
{mm&t v fi -_ 9 mtmm—m-&b #cof dm&k 

2 <OfettI£ Ltz h-?Z 1 3Wh6»* . Hi 0ti:HlcO2 

BTCft*. fit. HlO-CJi, H8h|S3] 
«=5r»irc«6«-^)WttBl3W^$ix4 . v f d=0 ffiii#j 

3 6 5 Om/stl,!,. 01 OCfcttSOffltii-Jt'iXlfi 

«ic«fc3Msj:< 38*3*14 f d<l$r^L?tt cOT'S> 
0 . £EttBt4MK P t C0H& h 2 Otf5«SWWMMfeftTT' 
<^ffii**llJ&»6JMjLfck*ffii: f dffitcoMfiiUca 

fcJt^T^ I *t> coco, OEP^fc ft S (2ffi^JK«i{5<5rv 
fd .otti:*Uvr hififtfrh. Hi ltt05<O2JBflB& 

h *) , f dffitC*f^-^>#^- H<0fflfflja**^HT* 
*. fflU HI lT1i„ #5XK2#. *7XK2#(* 
*^W49Wfift<0««OjS[ft36* 2 29 7m/s 
C0j&g#4 1 5 5 m/ s T#> S <t 0 &tt3tC'j£4±S£-<0 
**fflart**3*l4. V fd;0 Ili|53 6 7Om/sT'* 
*. HI lfctJttiOffitt^iulWMTtiiDi.feii* 

P3rl> 2oco«^W*i#^TT-cO{iffiilJg||*^»[tiJ 
Lfckmt f dfatcoM^tcao'^TmtBL^ffl-CS) 
S. OEP(cfctt4{affiaLKIi«ffV fd . 0 «i:«9fLv^i: 
HI 2{iHlc02»«JSgCL T *fEjRi-S^ 

&#^-FcOf3ffl3tJg£^HTJ>.l>. flU H12t 

<±, *7^ii*\ hi i tmm^MKx-t&hm^com 

ttH^Sn*. V (d=0 tTO3 6OOm/st*li. 
HI 2tcis(tl>OEn{i-r3t'fi.««fiiTt}!jDi.^ix^,fl:M 
h"c05¥tt^(c«t, 3M*J: < 2581$ 

S 2oco^ft£#^TTcofiM&Jg|£a>£>3tdJ Ltz 

OBKOftSfufc^E— K**H 1 1 Wt^T^v^coco. 
OWt=tJtf&fflffiatKtt«»V f4 . 0 ili:*L^ii:36«» 
H9-1 2«J:»y\ k^cOft^ffi^t^^-Tf dffl 



K<0ftfflj&g{3 „ f d ffi* { *co^co S 

^l),, 4fc. Hlc0 2Jl^it^L I< j: 0 tH5c02® 
^jtgPL T co^\ ttfr-h. &tfyXfct$J;V : &l±m 
M$£fo<r>m $ jW JB* L v v#&co2rfr\ "TOfixttWST 

m£<&Mzti&. mmzLx. Hico2<i«itgpL R 

J: 0 tH5<02JWIBSSBL R co***. 

# ? 5 ®ttjscoa^^'#Em?s^# 

ft(cft&^£»tt&co»gcoji{3ro. 9fsa»6tjiari . 

tt^coj^*i«-,EE«fi8S«#«:tCfKlR-r-&5*ttSE<7)iIS 

«P T i:^BE»Ri:*»6*S2JBfl|jeiBL I K:s 0 -t-K 
fciVl^J^^SR^t-K^Wttift^IWBS-tt-. -eco 

tt^co^ffl mmtf . ^ttiScoJl^SS: f t JBEm«£ p T co/S 
$ d t com f d #«co*§£-co S 0 * — H cO^ttiScOfiffl 

mm v, d . o fc t2tj'^ l < ^ «fc e> s c t 

*. *^BJcOiS#ft^ y^N'^ 

1 <W3LhcO«^- Kco®tt«[S:JE«fi?P R fc^ffWR 
i:*^^S2*^jtgPL R fc^§-^. 2Jf«itSPL R tC 
fia»*iifc»tt**-r«n«Wi I r £ fcttR0»&«ft 

^cot^, ico^ 

ttiScofiffljfig*^ ^14^cojfi^i!jf i:JE««P R coil 
§ d tcom f dj5<*cO*^COS 0 *- H^ttftdOfitffi 

a* v f d . o t mm t < $r* ± a ^fltit ^»ffl^-i> i t 

^4JS-^$:^:# < -f 4 £ i: SfitfC^ < , BE«« 
P R fc C0#®T"C0^«K y t°-^>XcO^FS 

#4. — ^rr^ittco^tt^coiWKS, J: V^-o-tocoi&ffl 

imi-t %> . 4 , mfii^racosggt^' 2 s«s> 4 j; d * 
•r^'ix^m® r ^^ffl-rs i fc t= i 0 . immtRizim 
zixx^z-*fo&(?>wmk£^fctimmRfrt>m&, 

\mh LX#,J]-t&Z\tifiX't , «HHfce>J&£X£tt« 
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o , -r/iix^m® 1 1 1 tzi,5.Tfrt> tax. t>i\z> mfm^ 

*)l>3r-tf S o ^E- Hi3 J; tf 1 BcULLrfOaRfc* - 

tz . #JEE«SM>fce« ^ 4 s 0 * - Kfe «t ^ l <wa 

p vd F%<?m(r)&#=FKn,7 iivj^zwm-hzhiz 

-t 0 . 2JBflBtaJL T t:«rtsj: <9M£tfc£liHB 
[0B<7)fgf#&IB0Ji] . 

CHI ] ^BJ^^^^f-^^k^lOlDffiCT^ 
[02 ] Hi comm&f v+'**tWM1M9IBi. 



St T R Sr 




[03] ^miem^Wi? v^^w^commMi 

[05 ] j&mnmweL* y^*)v<7)%i3<r)mmMz 
[06 ] *«w<ojB^»^ v^*>ucom4 commm* 
[07] HsoffwatfaRPx^flsKgiWiaiftft^) 

[08] 05cO2««jt^L I tCfc(t4JE«figl5«PT^ 
H3rl> 2o<7)««^^^frTT^fflj*Sli*^S[aj 

[09] 05W2««jtg5L I S:fell8t- 

[010] Hl<02»«Jt«LiS:^IW-4Wtt»fioa 
Jg#fl*ffl*££^m«40. 

[0in m5<n2mm^uzfcu^hmmkcDm 

[01 2] Hl<02*«Jfta{L T Sr^W-4f¥tt»wa 

[^cosiBj] 

I, 2 ^5XS 

t, r -f^ffittsa 

I I. i R -ttztiytmrn 

Gl . Gr SctfMlli 

p T , p r smmmm. 
s T , s R was 

Lj, L 2 3>f;p 
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